In the fierce competition at the global logistics markets, Korean logistics providers were deemed more vulnerable than global logistics providers in terms of the quality and price competitiveness. To strengthen their competitiveness, logistics providers in Korea have focused on delivering integrated logistics services. In this regard, the Korean government has enacted the "Integrated Logistics Industry Certification Act" in 2006 to assist integrated logistics providers to offer logistics services based on their specialization and differentiation. It has been several years since the system was implemented, and the evaluation of the system implementation was necessary. Hence, in our study, we attempt to examine the efficiency and productivity of fourteen certified Korean logistics providers employing the DEA (Data Envelopment Analysis) method with a five-year panel data since the inception of the Act. Through our static and dynamic analyses, We found that Pantos Logistics and HYUNDAI Glovis are running their businesses at the highest level of efficiency and Hanjin Transportation was the most stable company in their logistics operation.
Introduction
The scale of the global logistics market is estimated to reach $8 trillion in 2020. Many countries have recognized the importance of value generated by global logistics providers and have implemented a wide range of policies to support their activities to spur their economic growth. To dominate the market, logistics providers attempt to establish diverse logistics strategies such as information orientation, scale expansion, and simplification. To adapt to environmental changes, logistics providers have pursued the economy of scale through activities such as M&A deals and strategic alliances. They also generated enormous profits by providing integrated logistics services based on global logistics networks.
In providing international transportation services Korean logistics providers were deemed more vulnerable than global logistics providers in terms of the quality and price competitiveness. Therefore, to strengthen their competitiveness, logistics providers in Korea have focused on delivering integrated logistics services. In this regard, the Korean government enacted the "Integrated Logistics Industry Certification Act" in 2006 to assist integrated logistics providers to offer logistics services based on their specialization and differentiation. Eight years have passed since the enactment of the Act, and this allows for an analysis of its efficiency and productivity.
This study measures the changes in the efficiency of Korean logistics providers and verifies their reliability using the DEA/window method through dynamic analysis and examines the productivity growth that they contributed to through Malmquist analysis. The rest of this paper is organized as follows: After the introduction in Section I, Section II discusses and analyzes the productivity of integrated logistics providers. Section III provides an empirical analysis of the efficiency and productivity of integrated logistics providers, and Section IV concludes.
An Analysis of the Productivity of Integrated Logistics Providers

Environmental Changes in the Productivity of Integrated Logistics Providers
The competitiveness of the logistics industry is generally assessed based on the level of integrated-service performance in terms of the effective freight management of goods for the owner (Seo, Gim and Kim, 2004) . In Korea, China, and Japan, however, an increase in trade has intensified competition to dominate the logistics network and secure longterm logistics market competitiveness.
In 2006, the Korean government introduced the "integrated logistics industry certification" system to establish a global logistics network and foster global logistics providers that can integrate logistics services. The integrated logistics industry envisioned by the Korean government aims at creating global logistics providers, and the business model pursues "diversity of services" in the long-term perspective. Therefore, Korean logistics providers (e.g., global logistics, forwarding, shipping, and trucking firms) have been providing integrated logistics services beyond simple logistic services, and their business scope has been expanded to cover overseas markets.
The Korean government's active support is expected to continue from the current promotional stage to the year 2015 to facilitate the entry of at least two or three logistics providers to the global top 20 providers and then to the year 2020 to facilitate the entry of at least one or two providers to the global top 10 providers (Jeon and Kim, 2012) . The government's goal for the certification of integrated logistics providers is to foster large providers with an annual revenue exceeding KRW 3 trillion.
Some cases of integrated logistics providers in other counties are now discussed. Singapore has implemented a VAT (value-added tax) exemption policy for third-party value-added logistics occurring in Singapore based on its certification system of "Approved Third-Party Logistics Company Scheme." The purpose of this government-assisted system is to enforce Singapore's role as an Asian hub. Japan has implemented a project to promote third-party logistics providers.
The Industrial Structure Council subcommittee highlighted in 1996 the third-party logistics industry among 15 new growth areas in "the program for the reform and creation of economic structure." This emphasis is in conjunction with measures for promoting large enterprises and strengthening the competitiveness of small to medium-sized enterprises. In the U.S., the keyword in the integrated logistics industry is M&A (mergers and acquisitions) activity, particularly in the last few years (Seo and Han, 2004 ).
Korea's Integrated Logistics Industry Act defines integrated logistics providers as firms with more than one type of logistics operation and substantial sales. Among transportation (roads, airways, and maritime routes), logistics facilities (warehouses and terminals), forwarding, and logistics services, more than one type of business type is required displayed in Fig. 1 .
In addition, each firm's sales must exceed 3% of total sales of logistics business or KRW 3 billion, and sales of third-party logistics providers must exceed 40% of total sales or KRW 400 billion. Those firms not satisfying the requirements under the Act can obtain entry into the integrated logistics industry by establishing strategic alliances with other firms. The operational requirements for such strategic alliances include five or fewer partners, the use of co-brands, and the joint operation of information systems and logistics networks. In a partnership configuration, the exchange of both contracts and shares is allowed, and the partnership is valid for more than three years.
Korean integrated logistics providers handle mainly their affiliates' supply and thus are generally associated with their parent firms (Lee, 2013) . In this regard, they try to enter global logistics networks but are limited in terms of their market entry because of their dependence on their parent firms, which makes them vulnerable in terms of their management. As of 2011, Hyundai Glovis operated a total of 20 overseas subsidiaries mainly from overseas subsidiaries of Hyundai and Kia. As of 2011, 60% of the total volume handled by Pantos Logistics Co., Ltd. was from LG Group's logistics volume. As of 2013, Pantos had a total of 29 overseas subsidiaries indicated in Table 1 . (June,17, 2012) Since the global financial crisis in 2008, leading integrated logistics providers in Korea, including Glovis, CJ Korea Express, Pantos, and Dongbu Express, generated significantly lower revenues than DHL and UPS, and their operating profit rates are lower than that of UPS. . The cancellation was due to firms not meeting the criteria for strategic alliances or other certification standards. KCTC Co., Ltd., Dongwon Industries Co, Ltd., and Chunil Cargo Transportation were recently certified, and the certification of several alliance groups was revoked, including the group with KCTC Co., Ltd. and KCTC International, that with Dongwon Industries Co, Ltd., Joyang Logistics International Co., Ltd., and Dongyeong Cold Plaza, and that with Chunil Cargo Transportation and CMF Co., Ltd. Table 4 shows the composition of integrated logistics providers considered in this study. As of 2012, there were 23 certified groups (including newly certified ones). 
A Literature Review and the Need for an Analysis
Previous studies have examined the efficiency of logistics providers' service processes by using the DEA method. Poli and Scheraga (2000) , and Min and Joo (2006) analyzed the service performance of logistics providers of road transportation service in the U.S. market, and also Scheraga (2004) investigated the service performance of airline firms' efficiency in the context of international airports. Zhou et al., (2008) analyzed the efficiency of third-party logistics providers in China.
For the benchmarking of logistics providers, Min et al. (2009) examined the efficiency of major global logistics providers' financial structures, focusing on the financial efficiency of third-party logistics providers ranked 12 and higher in the U.S. over a three-year period to evaluate their strengths and weaknesses, and found finance to be a core determinant of efficiency with the expansion of the management scope and large-scale investment. Lieb and Lieb (2010) conducted two-year surveys of CEOs of thirdparty logistics providers in 40 leading countries in North America, Europe, and the Asia-Pacific region and addressed the issues of sustainability and environmental damage for these providers.
Kumar and Singh (2012) used the fuzzy AHP method and TOPSIS and verified that the most important criteria for global third-party logistics are service quality and logistics costs. Min et al., (2013) employed the DEA method to conduct a long-term efficiency analysis to analyze branch roles of third-party logistics providers. In their study, for management effectiveness, specific markets, negative-element management, and competitiveness enforcement methods have been suggested. Lately, Park and Kang (2013) designed connecting logistics service to FTA for Gwangyang hinterland.
The logistics industry is a high-cost industry requiring large-scale investment for things such as logistics facilities. Despite recent increases in logistics volume, the efficiency of branch operations has decreased. The indirect cost is considered a key element in deciding the efficiency of logistics operations. To foster global logistics providers, the Korean government has introduced the Integrated Logistics Industry Certification System in 2006.
The goal of the system is to establish a global logistics network, provide integrated logistics services, and achieve competitiveness in global markets. Therefore, based on this certification system as a specific industrial policy to construct new business models, a more accurate analysis of efficiency and productivity is required.
Theoretical Background
DEA(Data Envelopment Analysis), developed by Charnes et al. (1978) is a non-parametric method used widely to measure the productivity of a set of a comparable entities called DMUs (Decision Making Unit) with multiple inputs and outputs in character, and its applications span a wide variety of settings. The method suggests the best performance frontier, or called reference set and relative inefficiency scores of each unit. The model pursues maximization of the ratio of virtual output and virtual input computed to be less than or equal to 1 by optimally assigning weights of the inputs and outputs for DMUs individually under non-negativity constraint. This non-linear fractional programming problem was then transformed into an equivalent linear programing format in the model of Charnes et al (Called CCR model) . The CCR model is contrasted with the BCC model, developed by Banker et al. (1984) afterwards in that the first is constructed under the assumption of constant return scale, whereas the latter was under the assumption of variable returns to scale; a) increasing return to scale, b) decreasing return to scale, and c) constant return to scale. Mathematical notations of primal and dual forms for CCR-input and BCC-input model are expressed as follows: CCR-input model Primal:
Dual:
There are many articles on the CCR model and the BCC model. Readers are advised to refer to Charnes et al. (1978) and Banker et al. (1984) for further insight on the original formulation of the two models.
An Empirical Analysis
Analysis Resources
Logistics providers offer high quality logistics services utilizing all their assets. The operational capacity of logistics services denotes "how effectively the logistics service can be utilized" to satisfy the shipper. The input elements used in this study includes capital, assets, the number of employees, and total revenue was used for the output element.
To conduct the efficiency and productivity analyses, balanced panel data from "Five Years (2007) (2008) (2009) (2010) (2011) of the Integrated Logistics Industry in 2012" by the Korea Transport Institute were employed. The logistics providers considered in the analysis included Sunkwang Co., Ltd., Intergis Co., Ltd. (previously International Express), Pantos Logistics Co., Ltd., DONGBANG TRANSPORT LOGISTICS CO., LTD., Hanjin Transportation Co., Ltd., HYUNDAI Glovis Co. Ltd., HYUNDAI LOGISTICS CO, LTD., Hansol CSN Co., Ltd., CK LINE Co., Ltd. (CK LINE Co., Ltd., CK Ocean Co., Ltd., and Dongjin Co., Ltd.), Heung-A Logistics (Heung-A Shipping Co., Ltd. and KUKBO Corporation), Everways (Han Express, Kukdongtls, Sunjin Shipping & Air Cargo Co., Ltd., and Haewoogls), Sinoko (Sinokor and Pyeong Taek Container Terminal), LogisALL (Korea Pallet Pool Co., Ltd., Korea Container Pool Co., Ltd., and Korea Logistics Pool Co., Ltd.), EUNSAN LOGIS (Eunsan Shipping, Aircargo Co., Ltd., and Eunsan Container Terminal Co., Ltd.). Table 5 shows the descriptive statistics of the firms by year. For the volume of assets except for 2010, the coefficient of variation increased consistently with a decrease in volatility, whereas for capital and the number of employees, they decreased consistently with a decrease in volatility except for 2011. The increase in the coefficient of variation for total revenue was much larger with a consistent increase in volatility than that for other factors. 
A Static Efficiency Analysis
After obtaining yearly CCR (Charnes, Cooper, and Rhodes) efficiency (TE: Technical Efficiency) and BCC (Banker, Charnes, and Cooper) efficiency (PTE: Pure Technical Efficiency), we first computed scale efficiency by dividing the CCR score by the BCC score as displayed in Table 6 . Scale efficiencies showed a tendency of consistent increase that they were 0.671 in 2008, 0.676 in 2009, and 0.694 in 2010, and 0.702 in 2011. This increasing tendency indicates that the scale of the integrated logistics providers has been converging to the optimal level as time passed.
The result of variability analysis shows that pure technical efficiency was most instable and scale efficiency was most stable in terms of efficiency standard deviation. The coefficient of variation that considers both average and standard deviation denotes that it was most stable in scale efficiency and most instable in pure technical efficiency. As the scale efficiency turns out to be stable, it is highly likely that technical efficie industr Durin genera throug respec certific respectively, indicating that the firm was the most stable provider, whereas those for Intergis were 0.180 and 0.479, respectively, highlighting it to be the most unstable one. Table 9 shows the changes in efficiency by period for each DMU. Based on efficiency variations, Pantos Logistics and HYUNDAI Glovis had the highest efficiency scores (0.929 and 0.902, respectively), whereas Sunkwang had the worst score (0.104). The logistics provider with relatively large variations over periods was Intergis (0.296), whereas Hanjin Transportation and Sunkwang showed relatively small variations. According to changes over time for each provider, there was a decreasing trend in efficiency during 2007-2009 and 2008-2010 , whereas there was an increasing trend afterward. Table 9 The efficiency variation of each DMU's DEA window 2007-2009 2008-2010 2009-2011 
A Malmquist Analysis of Productivity
The Malmquist index was first introduced by Malmquist (1953) for the comparison of two economies by analyzing consumption of inputs. Fa¨re et al (1994) expanded the concept later to the DEA method to measure productvity change over time.
The input oriented Malmquist productivity index can be expressed as follows:
In this notation, productivity declines if , productivity increases if , and productivity remains unchanged if
With the theoretical background of the Malmquist productivity index, we employed it to analyze the dynamic changes in components and productivity over time. Table 10 shows the results for changes in productivity from 2007 to 2011. In the table, an index higher than, lower than, or equal to 1 was taken to indicate improved, worsened, or unchanged productivity, respectively. A value subtracted 1 from the index denotes variations in productivity for two adjacent periods.
DMUs with a productivity index exceeding 1 included DONGBANG TRANSPORT LOGISTICS, Hanjin Transportation, HYUNDAI Glovis, Hansol CSN, CK LINE, Everways, Sinokor, and LogisALL. In terms of catch-up effects (variations in pure technological efficiency), DONGBANG TRANSPORT LOGISTICS, Hanjin Transportation, Hansol CSN, CK LINE, Everways, LogisALL, and EUNSAN LOGIS showed improved management efficiency from 2007 to 2011, and Intergis and Heung-A Logistics showed worsened management efficiency. In terms of frontier effects (technological advancement), Sunkwang, Intergis, HYUNDAI Glovis, Heung-A Logistics, and Sinokor showed technological progress from 2007 to 2011, whereas Everways and CK LINE showed technological retrogress. Tables 11-13 display the results of periodic productivity analysis. In terms of catch-up effects, in general, the index increased from the previous period except the year of 2009-2010, which was a period of global financial crisis. In more detail, Pantos Logistics and HYUNDAI Glovis didn't show changes in periodic average technical efficiency, whereas, Everway, CK LINE, DONGBANG TRANSPORT LOGISTICS realized an increase in technological efficiency by as much as 17.8%, 17.1%, and 11.6%, respectively.
In terms of the frontier effects, contrary to the catch-up effect, an average of 28.9 % of frontier change was made during the period of global financial crisis in 2009-2010. Heung-A Logistics and LogisALL didn't show any changes, but HYUNDAI Glovis, Intergis, Sinoko made progresses by as much as 17.6%, 11.2%, 5.7%, respectively. On the other hand, Everways and CK LINE marked technological retrogresses by as much as 11.8% and 8.5%, respectively.
The periodic average of Malmquist productivity reveals that productivity increase was realized by 4.5 % in 2007-2008 and 10.5% in 2009-2010 . HYUNDAI Glovis, LogistALL, and Hanjin Transportation yielded productivity increase by as much as 17.6%, 4.2%, and 4.1%, respectively, whereas Heung-A Logistics and HYUNDAI LOGISTICS generated productivity decrease by as much as 10.1% and 5.8%, respectively. 
Managerial Insights and Conclusion
Managerial Insights
Amid fierce competition and dynamic business environments today, it is highly advised that industry practitioners construct operational tactics and business strategy by considering other firms' performance and situations. Through the relative comparison in the same industry, a firm could identify strength and weakness of their own firm. In that regard, DEA study can provide a great benefit to industry managers as a bench marking tool computing efficiency scores of each DMUs under the study. Our study particularly attempts to evaluate operational efficiency of large Korean logistics providers over the period of 2007 through 2011. With our study that identifies static and dynamic features of individual firms in the logistics operations, managers can perceive business trends in the logistics industry, and the relative standing of their firm in terms of operational excellence.
Conclusion
With the worldwide logistics industry focusing on Asia, Korean logistics providers require management policies suitable for attracting global investment and gaining entry into global logistics markets. Based on the Logistics Policy Basic Act, the Korean government has implemented the Logistics Providers Certification and Inspection System.
The benefits of this certification will include an authority of priority to occupy logistics facilities, logistics facility expansion, obtaining capital loans and incentive necessary to exploit foreign markets, and tax incentives. The Korean government's logistics' policy intends to strengthen the competitiveness in the logistics industry through strengthening competitiveness by scale economy and creation of synergy effects. The reason for this government support is that the logistics industry is expected to become a new growing dynamic industry in the future. For this, government is strengthening global competitiveness by developing global logistics firms through expansion and systemization.
According to the results of the descriptive statistics analysis for changes in productivity, the coefficient of variation showed a consistent decrease with a decrease in volatility for capital and the number of employees except for 2011. In terms of the CCR score and the BCC score, Pantos Logistics and HYUNDAI Glovis showed the highest level of efficiency, whereas Sunkwang and Hanjin Transportation, the lowest. The super efficiency scores for Pantos Logistics and HYUNDAI Glovis were 4.66 and 1.97, respectively. These providers were able to maintain their efficiency even when input elements increased by as much as 4.7 and 2 times, respectively.
According to the results of the DEA window analysis, the standard deviation and LDP for Hanjin Transportation were 0.011 and 0.029, respectively, indicating that they were the most stable logistics providers. Efficiency showed a decreasing trend during 2007-2009 and 2008-2010 but an increasing trend afterward. DMUs with a productivity index exceeding 1 included DONGBANG TRANSPORT LOGISTICS, Hanjin Transportation, HYUNDAI Glovis, Hansol CSN, CK LINE, Everways, Sinokor, and LogisALL. In terms of changes in pure technological efficiency, DONGBANG TRANSPORT LOGISTICS, Hanjin Transportation, Hansol CSN, CK LINE, Everways, LogisALL, and EUNSAN LOGIS showed improved management efficiency from 2007 to 2011. Further, for technological advancement, Sunkwang, Intergis, HYUNDAI Glovis, Heung-A Logistics, and Sinokor showed technological progress from 2007 to 2011. Korean logistics providers showed vulnerability in service quality and price competitiveness in comparison to global logistics providers. In this regard, Korean providers should develop and implement policies that can help enlarge the domestic logistics market through overseas expansion and increase the scale of the domestic market by attracting foreign firms.
For this, firstly, diversification in government policy is required to develop global logistics firms, secondly, business expansion from existing B2B internal logistics (logistics between logistics firms to B2C (firms and consumers) is also required. Thirdly, logistics firms need to strengthen joint activities with shippers to secure the transaction volume. Fourthly, regional customized consultation and regional specialization is required to provide varied logistics services to the world by constructing diverse logistics supply network along with established FTA enactment with many countries.
In this regard, future research should examine the determinants of efficiency based on financial data for a better understanding of certified logistics providers.
